Parental schooling is widely thought to improve child outcomes. But most studies on parental-child relations are associative, without control for estimation problems, such as unobserved intergenerationally-correlated endowments, if causality is of interest. The few exceptions are relatively recent studies that focus on highincome countries (HICs), with their much different contexts than the low-and middleincome countries (LMICs) in which the vast majority of children globally are growing up. This paper estimates the causal (conditional on the assumptions for the model) relationships between parents' schooling and their children's schooling in the most populous LMIC, using adult identical (monozygotic, MZ) twins data from urban China. Our ordinary least-squares estimates show that one-year increases in maternal and parental schooling are associated, respectively, with 0.4 and 0.5 more years of children's schooling. However, if we control for genetic and other endowment effects by using within-MZ fixed effects, the results indicate that mothers' and fathers' schooling have no significant effects on children's schooling. Our main results remain with various robustness checks, including controlling for measurement error. These results suggest that the positive associations between children's and parents' schooling in standard cross-sectional estimates in this major LMIC are mainly due to the correlation between parents' unobserved endowments and their schooling and not the effects of their schooling per se.
Ⅰ. Introduction
Widely-held and long-standing conventional wisdom is that parental schooling, particularly maternal schooling, importantly improves many child outcomes, including schooling, in a wide range of economies (e.g., Haveman and Wolfe, 1995; King and Mason, 2000) . This perception is one of the major reasons that many governments and international organizations advocate greater investment in schooling, particularly in females, in low-and middle-income countries (LMICs) in which the vast majority of children -over 85% -globally are growing up (UNESCO Institute for Statistics, 2017; World Bank, 2018; Narayan et al., 2018) . However, such policy recommendation makes more sense if parental schooling indeed has a causal effect on child outcomes in LMICs.
But most of the many studies discussed in review papers (Haveman and Wolfe, 1995; King and Manson, 2000; Black and Devereux, 2011; Torche, 2019 ) on parental schooling -child outcome relations are associative, without control for estimation problems such as unobserved intergenerationally-correlated endowments. The few exceptions are relatively recent studies that focus on high-income countries (HICs).
These studies for HICs attempting to identify causal effects of parental schooling on children's schooling use strategies such as identical-twins (monozygotic, MZ) fixed effects based on the assumption that parents who are MZ twins have basically the same genetic and other endowments, adopted children based on the assumption that adoption is random and instrumental variables based on changes in schooling systems. A causal study on a LMIC is still lacking.
The results on what roles maternal and paternal schooling play in their children's schooling in HICs vary. Most studies find strong positive paternal schooling effects and smaller or no maternal effects. Rosenzweig (2002, 2005) , in contrast, find negative effects of mothers' schooling (that they interpret to reflect that more-schooled women, holding constant endowments, spend more time in the labor force and less time caring for their children) and positive effects of fathers' schooling on children's schooling when they control for endowments (including individuals' own and their spouses') by using U.S. adult MZ data. Other studies find that the effects of fathers' schooling are positive and the effects of mothers' schooling are close to zero, including Antonovics and Goldberger (2005) using the same data as Behrman and Rosenzweig, Plug (2004) based on a sample of adopted children in the U.S., Bjorklund, Lindahl and Plug (2006) using Swedish adoption data, and Holmlund, Lindahl and Plug (2011) using Swedish twins samples. However, mothers' schooling is found to have a positive effect on children' schooling by Sacerdote (2007) using approximately randomlyassigned Korean-American adoptees, though the effect is smaller than that of fathers' schooling in a sample of Norwegian twins (Pronzata, 2012) . Some results based on an instrumental variable (IV) approach indicate that paternal schooling has no significant effects while maternal schooling has positive but small effects (Black, Devereux and Salvanes, 2005) , or even large positive effects (Chevalier, 2004) .
However, the data used for most adopted-children studies probably do not approximate random assignment of adoptees. Also, the IV procedure results in localaverage-treatment effects (LATE) pertaining to individuals at the margin of being affected by changes in compulsory schooling regulations, not the whole distribution of schooling, and it is possible that different estimates would result were the instrumental variable a policy change that increases enrollment in higher education such as college openings (Currie and Moretti, 2003) rather than educational reforms affecting the bottom part of the schooling distribution. In contrast, the distributions of differences in schooling between members of MZ pairs tend to occur for a wide range of schooling levels, not just those close to the legal minimums (e.g., Behrman et al., 2011; . For a full exploration of how parental schooling influences children's schooling, within-MZ fixed-effects estimates are likely preferable to IV approaches, because the former would be closer to average treatment effects rather than LATE, although the twins strategy is still far from perfect.
The most common criticisms of the twins strategy include unobserved heterogeneity in what determines schooling differences in twins that may directly affect children's schooling and measurement error that is exacerbated in fixed-effects estimates (Griliches, 1979; Bound and Solon, 1999; Kohler, Behrman and Schnittker, 2011; . The twins strategy requires strong assumptions with respect to the random generation of differences in schooling outcomes between the twins, though these differences could be caused by random events such as injuries or assignment of inspiring teachers that can be treated as quasi-experimental. Even if possible endogeneity of differences in schooling outcomes between MZs cannot be completely ruled out, the within-MZ estimator is still found to be less biased than the OLS estimator (Li, Liu and Zhang, 2012) . Some also claim that there is a problem of external validity because twins differ from the whole population (e.g., lower birth weight distributions). However the control for endowments in the within-MZ estimates controls for whatever ways that MZs differ from the larger population (Kohler, Behrman and Schnittker, 2011; .
This study helps fill the gap in the literature on causal studies of parental schooling on children's schooling in LMICs. We use Chinese adult twins data to estimate the causal net effects of parents' schooling on children's schooling by applying the MZ fixed-effects strategy of Behrman and Rosenzweig (2002) , as well as the causal gross effects using the standard within-MZ approach. The Chinese Twins Survey contains information on schooling attainment for the MZ twins respondents, their spouses and their children. In addition, it includes information on earnings on the current job and work time for both the respondents and their spouses and reports of each twin on the other twin's schooling and on the other twin's spouse's schooling. This dataset is the first socioeconomic adult twins dataset for China and, to our knowledge, for LMICs more generally. It allows us to study the causal relationship between parental schooling and their children's schooling by controlling for unobserved individualspecific endowment components.
In China, the increasingly heated issue of intergenerational mobility has drawn more and more attention both from the public and from scholars. A number of recent studies focus on the intergenerational transmission between parents and their children of schooling (Golley and Kong, 2013) or income (Guo and Min, 2008; Gong, Leigh and Meng, 2012) . But most of these studies are descriptive and do not investigate causal relations between parents' schooling and children's schooling. And none of them employs twins data to control for omitted ability, motivation and family background. It is well-known that positive correlations between schooling and heritable ability and other unobserved factors will likely lead to upward bias in OLS estimates of crosssectional relations between the schooling of parents and their children. To the best of our knowledge, our study is the first to investigate the causal effect of parents' schooling on their children's schooling using adult twins data in China and in LMICs more broadly.
Consistent with previous results from conventional cross-section studies, our OLS estimates show positive relationships between the schooling of both parents and their children's schooling. Specifically, one-year increases in maternal and parental schooling are associated with higher children's schooling by 0.4 and 0.5 years, respectively. However, after controlling for individuals' own endowments and the schooling and endowments of their spouses by applying within-MZ fixed effects, we find that maternal and paternal schooling effects are insignificant.
Our study contributes to the recent scholarly literature on causal effects of parents' schooling on children's schooling in a much more different LMIC context than the previous studies on HICs. Our findings also are important for policy makers. If parents' schooling is largely responsible for creating an environment in which children can learn more and prosper, then increasing the schooling of one generation inter alia will have long-term consequences through intergenerational spillover effects on subsequent generations. However, if inherited abilities and other endowments account for children's success in school, then improving schooling for one generation may have limited effect on the next generation. Rather than try to boost children's schooling in part via the parental channel, governments should shift focus to more direct interventions, such as early childhood programs and universal access to kindergarten, especially for the poor and disadvantaged. This paper is structured as follows. Section 2 introduces the identification strategy and estimation method. Section 3 describes the data. Section 4 reports the results.
Section 5 presents various robustness checks. Section 6 concludes.
Ⅱ. Model
The theoretical underpinnings of empirical estimates of intergenerational schooling relations are intergenerational family investment models Tomes, 1979, 1986; Taubman, 1982, 1995; Solon, 1999 Solon, , 2004 . The typical estimated reduced-form equation is:
where is the schooling of child i in family j. important examples of such usually unobserved family factors. Note that these factors may affect child schooling directly (e.g., parents with more ability or more innate motivation may invest more in their children's) or indirectly (e.g., children with parents with more ability may have inherited greater ability and therefore achieve higher schooling); for simplicity, and at no cost in terms of our interpretations below, we consolidate the direct and indirect effects into ℎ .
In general 1 in Equation (1) cannot be identified by OLS regressions. The plim of the OLS estimator is:
Identification of δ 1 requires the assumption that either 1 is zero or the unobserved parental factors ℎ are not correlated with parental schooling. These assumptions are very strong because, for example, genetic endowments of ability and motivation are likely to have affected parental schooling. The MZ fixed-effects approach in which parents are identical twins assumes that unobserved characteristics ℎ can be removed by using fixed-effects or within-estimates for MZs who have identical genetics at conception and substantially shared environments in childhood, so that 1 can be estimated consistently. For example, by taking the difference in schooling in Equation
(1) between the children of MZ parents, the model becomes,
Using only MZ parents who are genetically identical in addition to having shared basically the same family environment in childhood so that ∆ℎ ≅ 0), the least squares estimator from a regression of the difference in schooling between the children of MZ parents ∆S j c on the difference in schooling between the MZ parents ∆ is,
There are two identifying assumptions here: (1) MZ parents are identical in ℎ and (2) some MZ parents are non-identical in their years of schooling. Because within-MZ estimation needs large enough within-MZ variation in schooling, we check the within-MZ difference in schooling and find over 45% of adult MZ pairs in our data have differences in years of schooling (Table 2) . Therefore, under the possibly strong assumption that the differences in schooling of the MZ parents are generated by some random events such as car accidents or injuries in childhood, the impacts of ℎ are differenced-out and the MZ fixed-effects estimator of 1 is consistent.
It should be noted that if there is unobserved heterogeneity beyond what is in ℎ that affects both parental schooling and children's schooling, the fixed-effects estimate of 1 is biased (Griliches, 1979; Bound and Solon, 1999) . But bounds may be established on the true value of 1 in this case. For example, if the unobserved heterogeneity beyond what is in ℎ is positively correlated with both parents' schooling and children's schooling, then the fixed-effects MZ estimate is an upper bound for the true value of 1 Kohler, Behrman and Schnittker, 2011; . Li, Liu and Zhang (2012) find that the within-MZ fixed-effects estimator is less biased than the OLS estimator when estimating returns to schooling, even after they consider the potential endogeneity of schooling differences between MZs.
Measurement error is also more of a problem with the twins approach than with OLS level estimates because within-MZ differencing, as with any fixed-effects procedure, amplifies classical measurement error bias towards zero. Ashenfelter and Krueger (1994) and Behrman, Pollak and Taubman (1994) note that self-reported schooling is usually measured with error and propose to correct for measurement error by using a report on schooling from another source as an instrumental variable, for example using twin 1's schooling reported by twin 2 or using the twins' schooling reported by their adult children. Mare, 1991; Behrman and Rosenzweig, 2002; Mare and Maralani, 2006) , then spousal schooling and endowments should be taken into account in analysis of intergenerational schooling effects.
We posit that there is assortative mating, along the same lines as Behrman and Rosenzweig (2002) :
Equation (5) relates the schooling of mothers, superscript m, to the schooling and endowments of fathers, superscript f (a symmetrical relation holds for the schooling of fathers). 1 is the effect of fathers' schooling on the schooling of the spouses they obtain in the marriage market, 2 is the effect of fathers' endowments on the schooling of the spouses they obtain in the marriage market, and is a stochastic disturbance.
From the parameter 1 , we can evaluate whether there exists assortative mating on parents' schooling, net of their endowments. However, it is worth noting that if 2 is nonzero and there is correlation between one's schooling and endowments ( and ℎ , or and ℎ ), then estimates of 1 from cross sections will be different from the estimated 1 using MZ fixed-effects estimators because the former includes the effects of assortative mating on unobserved endowments.
Given assortative mating, we need to take both mothers' and fathers' schooling and endowments into consideration to obtain estimates of the net effects of each parent's schooling, as in Behrman and Rosenzweig (2002) :
where is the schooling of child i in family j, and are the schooling of the mother and father respectively, ℎ and ℎ are the endowments for the two parents, and is a child-specific characteristic. Behrman and Rosenzweig (2002) divide parents' endowments into two parts, earnings endowments and parenting endowments. However, since we cannot identify the effects of parenting endowments and other endowments separately and both types of endowments may reflect both genetic and environmental factors, we do not differentiate parenting endowments from earning endowments; instead we include only one parental factor (e.g., ℎ ) in Equations (5) and (6).
If the mothers are the twins, then the mothers' common endowments ℎ can be eliminated by differencing the above equation between mothers within-MZ pairs. But the difference in fathers' endowments remains. The fixed-effects MZ estimates of paternal schooling effects include not only the effects of paternal schooling on their children's schooling, but also the effects of whom they marry, leading to estimates of the gross effects of parental schooling on child schooling (inclusive of marital market effects) but upward bias in the estimate of the net effects if there is positive assortative mating on both schooling and endowments. To avoid the possible bias in our net estimates caused by omitted fathers' endowments, we first estimate fathers' endowments. Fathers' earnings could be used as a measure for their endowments and included in Equation (7). However, adding earnings in the equation will lead to a downward bias in the estimate of the fathers' schooling effect on their children's schooling because schooling and earnings are positively correlated. Therefore, we need to remove the effect of schooling from earnings by estimating the determinants of earnings. With information on fathers' schooling, work experience and earnings, we can estimate fathers' endowments ℎ by using the following earnings equation:
where and are schooling and post-school work experience of the ith member of family j, log is the log earnings, and ℎ is an unobserved endowment, with an orthogonal stochastic disturbance term .
It is well-known that OLS estimates of Equation (7) are biased due to omitted endowments. So we estimate Equation (7) by using MZ fixed effects to eliminate ownendowment bias. If we assume that there is no difference in the returns to schooling and work experience and the distribution of earnings shocks between twins and non-twins, we can apply the estimated parameters in Equation (7) using MZs, to their spouses and obtain their spouses' earnings endowments.
One measure of unobserved earnings endowments is,
The residuals in equation (8) exclude the effects of schooling and experience from earnings, but they still include both the earnings endowment ℎ and the noise term .
If is mostly measurement error or is an independently and identically distributed shock, then the residuals obtained in equation (8) measure endowments with error. This means that, in general, all coefficients will be biased and inconsistent if endowments and schooling are correlated because generally measurement error in a single variable causes inconsistency in all estimates (Wooldridge, 2008) . So we follow Behrman and Rosenzweig (2002) , who constructed an alternative measure of the spouse endowment that nets out the noise term:
. Data
We use the Chinese Twins Survey. This survey and questionnaire were designed for the following analysis. The summary statistics for these MZs are reported in Table   1 .
To analyze the effects of parental schooling and endowments on children's schooling, we need data on parents' schooling, earnings and children's schooling. The data set has information on each individual twin's schooling, his or her twin's schooling, the spouse's schooling and the schooling of the twin's spouse. The years of schooling of the individual and the twin reported by the respondent are the sum of all of the actual years of schooling that these twins attended at each schooling level, regardless of whether they graduated or not. The respondents' spouses' schooling is directly obtained from the question "How many years did your current spouse spend on formal schooling from elementary school on?", and the schooling of the twin's spouse is obtained from the question on the respondent's sibling "If this person is married, what is the highest schooling attainment of this person's spouse?". Thus, we have two reports for the schooling of each of the twins and twins' spouses (one reported by the respondent and the other by his or her twin. we have no information that permits better estimates.
To investigate whether within-MZ estimates are closer to average treatment effects (ATE) for broader populations rather than local average treatment effects (LATE) obtained by IV-approaches that are based on compulsory schooling variations and individuals influenced by the instruments employed, we need to see if within-MZ schooling differences exist over most schooling levels rather than just over a narrow range in the distribution of schooling. In addition, the existence of differences in schooling outcomes of twins helps provide evidence that it is reasonable to assume that some twins parents are non-identical in their years of schooling, although the assumption underlying the generation of differences in twins' schooling may be strong. Table 2 provides detailed analysis of differences in years of schooling within MZ pairs.
On average, the mean difference in years of schooling within pairs is 1.2, for total male and female MZs used for our analyses. Over 45% of twin pairs have differences in years of schooling with considerable within-MZ pair variation. The variation in years of schooling exists across substantial ranges in the schooling distribution. To demonstrate the pattern of schooling differences across the schooling distribution, Table 2 summarizes differences in years of schooling for twins pairs in which at least one twin has attained one of the following educational categories: (1) middle school or below (9 years of schooling or less), (2) high school (10-12 years of schooling), (3) college (13-15 years of schooling) or (4) university or above (16 years of schooling or more). When at least one twin has 16 years of schooling or more, the within-MZ differences are the largest, 2.5 and 2.8 years for females and males respectively.
Ⅳ.Results
Estimation of the Determinants of Earnings using Twins Sample
To estimate equation (6), we need to construct measures of spouses' endowments from equations (7) and (8). In this section, we report the estimated returns to schooling using different methods. We estimate the earnings equation (7) by using 492 pairs of MZs with earnings data. We start with the OLS regressions using the whole MZ sample, and then conduct the within-MZ estimation. We allow schooling to be measured with error and use the cross-twins reports of schooling as an instrumental variable for the individual's schooling to eliminate the bias caused by random measurement error.
The first two columns of Table ( 3) report OLS and OLS with measurement-errorcorrection estimates of the effects of schooling and work experience and age on the log of monthly earnings from the MZ sample. The estimates indicate that both schooling and work experience have statistically significant coefficient estimates, and measurement error in schooling biases downward the estimates of schooling returns.
The results suggest that one more year of schooling increases an individual's earnings by 8.4% and 8.8%. However, with control for unobserved endowments by applying within-MZ fixed effects, the estimated returns to schooling are much smaller, as shown in the last two columns of Table ( 3). The estimates of within-MZ and within-MZ with measurement-error correction show that one year more schooling leads to an increase in an individual's earnings by 2.7% and 3.3%, which are still statistically significant but much smaller than the OLS estimates. The comparison of estimates between OLS and within-MZ indicates that there is a positive correlation between the unobserved endowments and schooling. The OLS estimates overstate schooling returns. Consistent with previous studies (Behrman and Rosenzweig, 2002; Amin, 2011) , measurement error in schooling causes underestimates of schooling returns. Our estimates are similar to those obtained in earlier studies on earnings returns to schooling based on the Chinese Twins sample (Zhang et al., 2007 and Li et al., 2012) .
Assortative Mating: Effects of Own Schooling on Spouse's Schooling
The results from estimating the earnings equation (7) indicate that schooling is correlated with own endowments. Now we need to investigate whether there is a relationship between own endowments and spouses' schooling. We estimate the assortative mating equation (5) schooling only increases the schooling of the spouses they attract by 0.23 years, about one-half of the OLS estimate.
The differences between the OLS and within-MZ estimates of the impacts of own schooling on spouse's schooling are indicative of the extent to which there is assortative mating on unobserved endowments. When we net out endowment effects by firstdifferencing within MZ pairs, the effect of higher schooling of an individual of given endowments on his or her partner's schooling is nearly 50% less than estimated by the cross-sectional associations between the schooling of spouses. It is obvious that there exists assortative mating between MZ twins and their spouses on endowments that are correlated with schooling.
Intergenerational Schooling Effects
In this section, we estimate the effects of parental schooling on their children's schooling by taking into consideration the role of unobserved endowments. We use subsamples of the MZ twins in which each twin in the twins-pairs was currently married and had at least one child aged 16 or older. This subsample has 272 individuals. We report the means and standard deviations for the key variables in Table 5 . We restrict the child's age to 16 or older for two reasons. First, if we assume that children begin schooling at the age of 6, then after they finish 9 years of compulsory schooling, they will be 15 years old. The decision whether or not children will continue their schooling after 9 years of compulsory schooling depends on children and their parents. So if there is an effect of parents' schooling on children' schooling, then the impact will only be possible after children finish their compulsory schooling. Second, in China children aged 16 or older can enter the labor market and become employed.
The sample characteristics of the couples with MZ mothers' and with MZ fathers' are given in Table 5 . The average years of schooling are 9.8 for MZ males and 9.7 for their spouses, while MZ females have higher years of schooling, 10.6 for female twins and 11.0 for their husbands. For both MZ males and females, there is not much difference in the years of schooling and monthly earnings between husbands and wives, although husbands on average have more years of schooling and earnings than their wives. Husbands also are 2 years older on average than their wives. As for children, the average age of children is above 20, and most have finished high school. Columns 1 and 3 in Table 6 report OLS estimates that can be interpreted as causal under the assumption that unobserved endowments are uncorrelated with schooling.
The results indicate that the effect of mothers' schooling on their children's schooling is positive and significant. Without fathers' schooling included, a one-year increase in the schooling of mothers results in a 0.4 year increase in the schooling of their children.
The results in Column 2 show the gross effect of maternal schooling on children's schooling, by using within-MZ mothers estimators and controlling for the potential impact of mothers' endowments that may be correlated with their own schooling and with those of their spouses. When the impact of mothers' endowments is controlled by employing the MZ fixed-effects strategy, the gross effect of mothers' schooling,
including the effect of their schooling on whom they married, is much smaller than the OLS estimate and insignificant. The comparison with the results in the first column, when we exclude fathers' schooling and endowments, suggest that the positive OLS relationship, inclusive of the effects on whom she marries, between mothers' schooling and children's schooling results from the correlation between mothers' unobserved endowments and schooling. The MZ fixed-effects estimates suggest, in contrast, that increases in the schooling of mothers with the same endowments have no significant effect on the schooling of their children.
Considering that women and men play different roles in childrearing, we do not expect the results from MZ females and males to be identical. The last two columns report estimates of the effects of paternal schooling on children's schooling for the subsample of MZ fathers by using MZ fixed effects to control for the impact of fathers' endowments. The OLS estimates of fathers' schooling effects are positive and statistically significant and are larger than the estimates for mothers' schooling. The results in the third column suggest that were a causal interpretation appropriate, an increase in fathers' schooling by one year would raise children's schooling by 0.5 years, 25% more than the OLS estimate of maternal schooling effects. However, using MZ fixed effects to control for fathers' endowments, the gross paternal schooling effect becomes negative and statistically insignificant in Column 4, which suggests that the significant positive relationship between fathers' and children's schooling is mainly due to the correlation between fathers' endowments and schooling. Therefore, these estimates imply that among fathers with the same endowments, those who are moreschooled may have children who are if anything less-schooled, including the effect of their schooling on whom they married, though this coefficient estimate is not significantly nonzero at conventional levels.
Because of positive assortative mating between MZ females and their husbands, as shown in Table 4 , we add husbands' schooling into the regression to eliminate the influence of women's schooling on the schooling of the husbands whom they attract in the marriage market and thus obtain estimates of the net effects of women's schooling in Table 7 . The first two columns report the OLS estimates. The results indicate that, compared with a 0.4 year increase in the schooling of their children in Column 1 in Table 6 , including fathers' schooling reduces the mothers' schooling coefficient estimate by 25%, a reduction that reflects assortative mating on schooling between women and their husbands. Table 6 . However, after controlling for fathers' endowments by applying within-MZ fixed effects, the paternal schooling effect in Column 3 is marginally negative though fairly imprecise and not robust to changes in model specifications (e.g., including adding representations of mother's endowments in Table   8 , and the robustness checks), under which the coefficients of fathers' schooling remain negative but are no longer even marginally significant. The result in Column 3 suggests that the positive relationship between fathers' and children's schooling is mainly due to the correlation between fathers' endowments and schooling. Including mothers' schooling reduces the estimated paternal schooling effect, which reflects assortative mating on schooling between MZ fathers and their wives. Taking mothers' endowments into account decreases substantially the sample size, because most of the mothers surveyed have no earnings. When we control for, in addition to fathers' endowments, mothers' schooling and endowments, the paternal schooling coefficient estimate is negative and insignificant. However, the association between mothers' endowments and children's schooling is positive, but also not significant.
This paper finds no significant effect of mothers' schooling, which is consistent with previous findings in many twins' studies (Antonovics and Goldberger, 2005; Holmlund et al., 2011) . Rosenzweig (2002, 2005) find a negative maternal schooling effect, but the effect is only marginally significant at the 10 percent level. Our result also confirms the negligible role of maternal schooling obtained using different identification strategies such as adopted children (Plug, 2004 , Bjorklund et al., 2006 , although a small positive LATE maternal schooling effect is found in studies based on an IV approach (Black et al., 2005) .
Our results indicate that the fathers' schooling effect is negative but statistically insignificant or only marginally significant. Although our findings are in contrast to the positive effect of paternal schooling found in other studies using twins Rosenzweig, 2002, 2005; Antonovics and Goldberger, 2005; Pronzato, 2012 ) and adopted children (Plug, 2004; Bjorklund et al., 2006) , they are consistent with those of Black et al. (2005) who employ compulsory schooling reform as an instrumental variable.
Ⅴ. Robustness Checks
This section presents a series of robustness checks relating to measurement errors, the sample size, the timing of the schooling of the parents, children who are still in school at the age of 16, schooling effects of other family members, and including birth weights to at least partially represent endowments.
A. Measurement Errors
One important issue with twins fixed-effects estimates, as noted above, is measurement error. It is well-known that classical measurement error in regressors leads to a bias towards zero in the regression coefficient estimates. If reported schooling measures true schooling with random error, then estimates obtained by differencing across MZs are likely to magnify the bias due to such measurement error, although it may solve the problem of omitted variable bias.
Fortunately, we can solve the problem of measurement error bias by making use of instrumental variables using other reports. Ashenfelter and Krueger (1994) as the instrumental variable. The IV estimator will be consistent, and we call this IV model as IVFE-1, as in Li, Liu and Zhang (2012) .
Next, we further relax the classical assumption that the measurement errors in 1 1 and 2 1 (or 1 2 and 2 2 ) are uncorrelated. It is possible that a twin who reports an upward-biased measurement of the schooling of both his own and his twin, and thus the measurement errors in 1 1 and 2 1 are positively correlated due to an individualspecific common measurement-error component. In the presence of correlated measurement errors, the IVFE-1 estimates will be biased if the measurement error terms in 1 1 − 2 2 and 1 2 − 2 1 are correlated. Therefore, we use another instrumental variable to obtain a consistent estimator. Ashenfelter and Krueger (1994) suggested the use of 1 1 − 2 1 as the regressor and 1 2 − 2 2 as the IV to eliminate the common measurement error in one respondent's reports. We call this model IVFE-2.
Specifically, in our study twins report their own, their spouses', their twins' and their twins' spouses' schooling. Thus, we have two measures for the schooling of each respondent and their spouse: (1) schooling reported by the respondent, and (2) schooling reported by the respondent's twin. Tables 9 and 10 report the results of MZ fixed-effects estimates of the effects of parental schooling on children's schooling using the instrumental variable method for married MZ females and males. Overall, our IVFE estimates suggest that parents' schooling has no significant impacts on their children's schooling after controlling for parents' endowments.
B. Sample Size
As discussed earlier, when we restrict our samples to twins who are married and with children older than 16, our final sample size becomes small, which may raise concern about the power of our results. To address this problem, we conduct several robustness checks. First of all, we employ re-sampling methods as robustness checks, similarly to Gertler et al. (2013) and Heckman et al. (2010 Heckman et al. ( , 2014 
C. The Timing of Schooling of Parents
Another possible concern is the heterogeneity caused by the Cultural Revolution As a final check on this issue, we also add a dummy variable for whether or not the individual was sent down during the CR, and add the interaction term of schooling and the sent-down dummy variable. The results in the last two columns in Table 12 show that there are no significant differences in the schooling effects between sentdown groups and groups that were not sent down. These numerous checks suggest that our results are not biased by the composition of the group of parents whose schooling would have been interrupted by the CR.
D. Children Still in School at Age 16
One concern might be that, some individuals have not completed schooling by age 16 (although they have finished nine years of compulsory education) and including children who have not completed schooling may bias the estimates towards zero. To investigate this issue, we test the sensitivity of our results by using only (a) children aged 18 or older and (b) only children who have completed their schooling. The results presented in Table 13 show that both paternal and maternal schooling are insignificant.
E. Schooling Effects of Other Family Members
An additional test addresses potential problems with the schooling effects of other family members such as children's uncles, aunts, or grandparents, because their schooling may be important in societies such as China. To check whether or not the schooling of uncles or aunts is associated with the schooling of their nephews or nieces, we add the schooling of the twins' siblings (except the co-twins) who have the highest level of education among all the siblings into the regression. The OLS results in Columns 1-4 in Table 14 , based on both MZ and DZ twins, indicate that uncles'
schooling has significantly positive associations with children's schooling for both male and female twins, and after controlling for uncles' schooling, both paternal and maternal schooling effects are insignificant. The coefficients of aunts' schooling are significant only for male twins and insignificant for female twins. The within-twin estimates, however, control for the schooling effects of uncles or aunts who are the twins' siblings since there are identical for both twins in a pair.
In addition, we also add the schooling of grandparents into the regressions, because in China it is common that children are raised by their grandparents, especially for the left-behind children whose parents migrate to other cities to work. As shown in
Columns 5-8 in Table 14 , the schooling of grandparents is significantly positively associated with the schooling of their grandchildren for male twins, although the estimated grandmothers' schooling effect is relatively smaller than that of grandfathers.
The grandparents' schooling effects are insignificant for both male and female twins.
We also take the schooling of grandparents-in-law into consideration and find that the coefficients of their schooling are not significant. However, the grandparental schooling effect again is controlled in within-twin estimation since both twins in a pair have the same grandparents.
In Table 14 , we only consider the schooling of the most highly-educated non-twin sibling. What if the sibling with the highest level of education is the co-twin? In our sample including both MZ and DZ twins, individuals whose most highly educated sibling is their co-twin account for 28%. Thus, we add the schooling of the most highly educated sibling including co-twin siblings into the regression and apply the withintwins fixed-effects model. The results in Table 15 show that the schooling of both fathers and mothers does not have significant coefficients after controlling for the schooling of uncles or aunts including the co-twins.
F. Control for Endowments Using Birth Weights
To this point we have controlled for endowments at conception using MZ fixedeffects estimates. A number of studies have used birth weights to represent endowments at birth Bennett 2000, 2001; Currie and Hyson 1999; Richards et al 2001) .
Most of these studies are cross-sectional, which raises a question of interpretation of what birth weights are representing because birth weights are correlated with observed family background characteristics such as parental education and income. However, as emphasized in Behrman and Rosenzweig (2004) and subsequent studies using twins including Rosenzweig and Zhang (2009) using the same Chinese twins that we use in this study, MZ fixed-effects estimates of birth weight impacts control perfectly for endowments at conception and thus the birth weight estimates using this approach represent the part of the endowment at birth due to differential exposure in utero, which reflects chance factors such as differential proximity to the placenta but not any conscious decisions of the parents. We have data on the twins' birth weights, though not on the birth weights of their spouses. In Table 15 we present estimates of the gross effects of parents' schooling with the twin parent's birth weights included. For female MZ twins, the MZ fixed-effects estimates suggest that the part of endowments at birth represented by birth weights is a significant and substantial predictor of child schooling, with 3.6 additional years of child schooling for every addition kilogram of mother's birth weight. For males, birth weight does not have a significant coefficient estimate.
But for the purpose of this study, the important point is that with control for birth weights, the MZ fixed-effects estimates of both mother's and father's schooling remain positive but very small and insignificant. Thus, the basic results of this study are robust to controlling for endowment changes in utero in addition to endowments at conception.
Ⅵ. Conclusion
In this paper we estimate the causal relationship between parents' schooling and their children's schooling in China. We use adult MZ twins data to control for unobserved parental endowments. We find that the positive cross-sectional relationship between the schooling of parents and their children that is estimated by the OLS model that dominates in the literature is substantially biased upward as a result of correlations between schooling and unobserved endowments. Our findings suggest that the endowments play more important roles than schooling in explaining the positive association between parental schooling and their children's schooling. schooling is less than 10 years). Low-schooled mothers may lack sufficient knowledge and parenting skills. Fathers with higher schooling may spend more time in the labor market and thus less time in childrearing activities that influence children's academic performance even though fathers who work more may serve as positive role models for their children (Woelfel & Haller, 1971) . Based on data from the Chinese Child Twins Survey in 2002, we construct three measurements of fathers' home time and results in Notes: The means and standard deviations (in parentheses) are reported in Table 2 . Notes: Standard errors in parentheses. * significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Notes: Standard errors in parentheses. * significant at 10% level, ** significant at 5% level, ***significant at 1% level. Notes: Standard errors clustered at the family (twins pair) level in parentheses. * significant at 10% level, ** significant at 5% level, ***significant at 1% level. Notes: Standard errors clustered at the family (twin pair) level in parentheses. * significant at 10% level, ** significant at 5% level, ***significant at 1% level. Notes: Standard errors clustered at the family (twins pair) level in parentheses. * significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Notes: Standard errors clustered at the family (twins pair) level in parentheses. Notes: Standard errors clustered at the family (twins pair) level in parentheses. * significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Notes: Standard errors clustered at the family (twins pair) level in parentheses. Notes: Standard errors clustered at the family (twins pair) level in parentheses. * significant at the 10% level, ** significant at the 5% level, ***significant at the 1% level. Notes: Standard errors clustered at the family (twins pair) level in parentheses. Notes: Standard errors clustered at the family (twins pair) level in parentheses. * significant at 10% level, ** significant at 5% level, ***significant at 1% level. Notes: We construct three measurements of the home time of the fathers based on the survey questionnaire: days living at home during the last six months, a dummy variable indicating workplace (working in the local city=1, otherwise=0), and a dummy variable indicating social activities (going out for dinner without kids last month=1, otherwise=0). We define a dummy variable "working within the local city" based on the question in the questionnaire "where is your workplace?". There are four answers to the question including within the city, in other cities within the province, in other provinces, and abroad. The dummy variable "working within the local city" is equal to 1 if the respondents work in the local city, and zero otherwise. We define another dummy variable to indicate social activities based on the question "did you go out for dinner without your kids last month?". If the answer is yes, then the dummy variable "going out for dinner without kids" is equal to 1, and 0 otherwise. We create a dummy variable "skilled worker" to indicate respondents' occupation. The variable "skilled worker" takes the value 1 if the respondents are technical professionals/persons in charge of work place whether in public or private sector/clerks or managers, and 0 otherwise. "Employment" is a dummy variable indicating employment status (employed=1, otherwise=0). "Han" is a dummy variable indicating ethnicity (han=1, otherwise=0). Standard errors in parentheses. * significant at the 10% level, **significant at the 5% level, *** significant at the 1% level.
